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O . Abstract 



The Noether currents associated with the non-hnearly reahzed super-Poincare sym- 
^ ' metrics of the Green-Schwarz (Nambu-Goto-Akulov-Volkov) action for a non-BPS 

p=2 brane embedded in a N=l, D=4 target superspace are constructed. The R sym- 
^ ' metry current, the supersymmetry currents, the energy-momentum tensor and the 

b : 

scalar central charge current are shown to be components of a world volume super- 
current. The centrally extended superconformal transformations are realized on the 
Nambu-Goldstone boson and fermion fields of the non-BPS brane. The superconfor- 
mal currents form supersymmetry multiplets with the world volume conformal central 
charge current and special conformal current being the primary components of the 
supersymmetry multiplets containing all the currents. Correspondingly the super- 
conformal symmetry breaking terms form supersymmetry multiplets the components 
of which are obtainable as supersymmetry transformations of the primary currents' 
symmetry breaking terms. 
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1 Introduction 



The formation of a membrane in target space spontaneously breaks its symmetries 
to the isometries of the world volume and its complement. The normal mode oscilla- 
tions of the brane into the co- volume are described by world volume localized Nambu- 
Goldstone fields. In the case of a target superspace, Goldstino modes must accompany 
the broken space translational Nambu-Goldstone boson modes. The Green-Schwarz 
action [1] describes the dynamics of these world volume fields. In reference [2] the 
Nambu-Goto-Akulov-Volkov action for a non-BPS p=2 brane embedded in N=l, 
D—4 superspace was constructed via the nonlinear realization [3] [4] [5] of the spon- 
taneously broken super-Poincare symmetries of the target superspace. In reference 
[6] the Green-Schwarz action for this brane [7] was shown to be equivalent to the 
Nambu-Goto-Akulov-Volkov action by means of explicit nonlinear field redefinitions. 
The action described the motion of the brane in N=l, D=4 superspace through the 
brane locahzed Nambu-Goldstone boson field (j) associated with motions in space di- 
rections transverse to the brane, hence in the direction of the broken space translation 
symmetry. It also involved brane localized D=3 Majorana Goldstino fields 6i and Aj, 
i = 1,2, describing brane oscillations in Grassmann directions of superspace which 
are associated with the completely broken N=l, D—A supersymmetry (SUSY). The 
action, after apphcation of the "inverse Higgs mechanism" [8], is the N=l, D=4 super- 
Poincare invariant synthesis of the Akulov-Volkov [3] and Nambu-Goto [9] actions 

r = -(7 y £x det e dot N = [ ^^^"^ \/l - Va^Ty^^Vt^ 

= -a I d^xdete]jl- [e-^"^{dm<p + edm>^)]\ (1.1) 

where a is the brane tension and, in the static gauge, the world-volume coordinates 
are x"", m = 0,1, 2. The Akulov-Volkov dreibein is = + ih^dmO + iXl^OmX. 
The Nambu-Goto dreibein is given by Nj> = 5^ + (^^1 - (V^)^ - 1^ , in 

which the Nambu-Goldstone boson covariant derivative, Va0, is defined as 
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The partial covariant derivative, V^, is defined by Va — e~^"*9^. The notation of 
reference [2] is followed throughout this paper. 

The purpose of this paper is to determine the symmetry currents of this action, 
which are those associated with the nonlinearly realized N=l, D=4 super-Poincare 
symmetries. Further, in accordance with the equivalent N=2, D=3 centrally extended 
SUSY algebra, it is shown that the R symmetry current, the supersymmetry currents, 
the energy-momentum tensor and the scalar central charge current are components 
of a supercurrent. That is a SUSY multiplet of currents. The primary current in this 
multiplet is the R current, the remaining derived currents can be obtained from it 
by SUSY transformations. Hence, since the R current is conserved, the conservation 
of the derived component SUSY currents, energy-momentum tensor and the central 
charge current is guaranteed. Besides the spontaneously broken supcr-Poincarc cur- 
rents, the centrally extended superconformal currents are constructed. These also 
form supersymmetry multiplets. Since the scale symmetries are explicitly broken, 
the superconformal current non-conservation terms are similarly related by the SUSY 
multiplet structure of the currents. It is further shown that all superconformal as well 
as super-Poincare currents are obtained as SUSY variations of the primary D=3 con- 
formal central charge current and the primary D=3 special conformal current (both 
formerly comprise the D=4 special conformal symmetry current). 

In section 2, Noether's theorem is stated and the Noether currents along with 
the variations of the Lagrangian (1.1) for the nonlinearly realized N=l, D=4 super- 
Poincare symmetries are obtained. Since the unbroken symmetries are those of the 
D=3 Poincare group, it is useful to express the D=4 charges in terms of their D=3 
Lorentz group transformation properties. Appendix A summarizes the N=l, D=4 su- 
perconformal algebra expressed as the corresponding centrally extended N=2, D=3 
superconformal algebra. In Appendix B the derivation of the nonlinear realization 
of this algebra on the world volume Nambu-Goldstone boson field, 0, and Goldstino 
fields, 9 and A, is given for the case that the N=l, D=4 superconformal SU(2,2|1) 
group is spontaneously broken to the D=3 SO(3,2) conformal group and U(l) R sym- 
metry (for fixed D=4 realizatons see [10] [11]). The underlying short distance models 
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[12] [13] [14] that give rise to the non-BPS domain wall formation should also exphcitly 
break the scale symmetries both radiatively and by the dimensionful brane tension pa- 
rameter in the models. Hence physically no additional conformal Nambu-Goldstone 
modes occur. However, the superconformal algebra, as discussed in Appendix B, 
requires the conformal central charge symmetry (the spatial component normal to 
the brane of the D=4 special conformal transformations) and the conformal SUSY 
transformations to have a spontaneously broken component. Derivatives of the brane 
oscillation Nambu-Goldstone fields provide the required ground state expectation 
values for these broken symmetries and no additional fields are required in order to 
nonlinearly realize the above spontaneously broken symmetry transformations. In 
section 3, Noether's theorem is again utilized in order to construct the remainder 
of the superconformal Noether currents. Consistent with the charge algebra, these 
currents form SUSY multiplets of currents. Since the superconformal currents are 
not conserved their explicit symmetry breaking terms also form SUSY multiplets. 
As in the case of all superconformal currents, all superconformal symmetry breaking 
terms are shown to be given by SUSY transformations of the D=3 conformal cen- 
tral charge current non-conservation terms and the D=3 special conformal symmetry 
current non-conservation terms, the two independent primary component currents of 
the supermultiplets containing all currents. Finally, four tables are included at the 
end of section 3 which summarize the symmetry charges and Noether currents asso- 
ciated with the Nambu-Goto-Akulov-Volkov action. Also the SUSY variations of the 
currents and their (non-) conservation equations are recapitulated. 
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2 SUSY and the Supercurrent 



Noether's theorem provides a relation between the divergence of a symmetry current 
and the associated variation of the Lagrangian for a given transformation of the fields. 
For a (Lie derivative) intrinsic symmetry transformation of the fields, denoted by 50, 
59 and 6X and such that S{djn(p^) — djn{S(p^) where (p^ stands for any of the fields 
(f — {(f), 9, A), the variation of the Lagrangian yields 

5jC = + wT. (2.1) 

The symmetry current = J2i qq^^i ^-^id the local Ward-Takahashi functional 
differential operator for the symmetry transformation (often referred to as Euler- 
Lagrange terms when acting on the action) is w = Ylii^'-P^'i^ with V the action, 
in this case, equation (1.1). The intrinsic variation, 5ip — (f'{x) — (f{x), is related 
to the total variation Acp — (p'{x') — ip{x), by the subtraction of the first Taylor 
expansion term for the space-time coordinate variation; for the Lagrangian, this yields 
SjC — AC — Sx^dmC Using the chain rule for the Taylor term, the final form of 
Noether's theorem is obtained 

dmJ"^ = [A£ + {d^5x^)C] - wT, (2.2) 

where the Noether current, J"*, is defined as 

Substituting the Lagrangian derivatives associated with equation (1.1), the Noether 
current is obtained 



(2.4) 

The non-BPS p=2 branc action is world-volume space-time translationally invari- 
ant: AP{a)C = 0. Recalling the space-time translations of the fields from Appendix 
B, SP{a)x"^ — a"* and S^{a)ip — —a^dm^, the Noether energy-momentum tensor is 
secured 

= -Ce-'- - J^^^'^%''^^act>. (2.5) 



Conservation of brane energy- momentum yields dmT'^^ — w^{x)r, with the space- 
time translation Ward identity operator w^{x) — — J2i da<p^{x) gj^^^-j ■ (Integration 
over the world-volume leads to the global space-time translation Ward identity for 
the (tree level) one-particle irreducible generating functional, F, that is the effective 
action.) Likewise, the spontaneously broken D=4 space translation symmetry normal 
to the brane, now expressed as the D=3 spontaneously broken scalar central charge, 
Z, symmetry, is conserved. Its Noether current divergence is given simply by the (p 
field equation, hence 

^ V>e;'"*. (2.6) 



(det iV)2 

Since only transforms under Z, (z)(j) = z, Noether's theorem yields dmZ'^ — 
-w^(a;)r with w^ix) = 

All other currents, including those of the superconformal symmetries, can be ex- 
pessed in terms of the D=3 energy-momentum tensor and the D=3 central charge 
symmetry current. The general form of the Noether current, equation (2.4), becomes 



jm rpr. 



dx" -i{A9^''9 + AX^^X) +Z™ AcP- A9X + 9AX . (2.7) 



Similarly, using these currents, the variation of the Lagrangian takes on a simplified 
form 

SC = -T- 5[e„1 + Z™5[e„"V,0]. (2.8) 

Applying this to the case of space-time translations, for instance, yields the simple 
derivative formula for the Lagrangian 

dnC = -T™ a^e^l + Z"^dn[e^Va<P]. (2.9) 

The brane Lagrangian is manifestly R invariant resulting in the R symmetry 
Noether current 

R^ = -2T"^„(^7"A) + iZ^'im + XX), (2.10) 

with the conservation equation dmR™' = —w^{x)V, where w^{x) = — 
Introducing q— and s— SUSY transformation parameters ^ and r^, respec- 
tively, that are Grassmann D=3 Majorana spinors, the SUSY variations become 

5^'^(e,^)^™ = -^(C7'"^ + r/7™A)^-A'"(e,r;) 



(2.11) 



(Recall that 5'^'^{^, rj) — ^iSf+fjiSf, and so on.) As usual for SUSY the Lagrangian has 
a total derivative intrinsic variation, 5^'*(^, rj)C — 9^(A"*(^, ri)C). The SUSY Noether 
currents are 

Q"^(0 = ^iQT(x)^+2iT^£rO)-2Z"^(^X) 

S"^{rj) = fjiSr{x)^+2iT"^,{fjrX)+2Z^{fie). (2.12) 

Noether's theorem yields the SUSY Ward identities 

dm [g™(0 + S"'{v)] = -w''''{x)r, (2.13) 

with the SUSY Ward identity operator given as w'^'^{x) — J2i '^^''^(C; V)'^^{x) ^J^^^ ■ 

The remaining super-Poincare transformations are the unbroken world-volume 
Lorentz transformations with angular momentum tensor M™;, = tabc^"^^ and the 
spontaneously broken D=4 Lorentz transformations with D=3 current -/V^a- The 
Lagrangian is invariant under D=3 Lorentz transformations yielding a conserved 
Noether current, d^M'^^ix) — —w^{x)V, with 

+ iZ^{hai>X). (2.14) 

Under spontaneously broken D=4 Lorentz transformations the Lagrangian transforms 
into a total divergence S^{b)C = dm{p"''(t>C) resulting in a conserved Noether current 
dmN'^^ix) = -<(a;)r, with 

N\ = + zT- (^VA) - Z"^x,. (2.15) 

For models in N=l, D=4 superspace with hnearly represented SUSY transforma- 
tions, the it! symmetry current, the SUSY currents and the energy-momentum tensor 
are components of a supercurrent superfield [15]. In addition all other superconformal 
currents are capable of being written in terms of space-time moments and SUSY co- 
variant derivatives of this supercurrent. The explicit and anomalous breaking terms 
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= T™ - T"^,Xa + -T 



of the R and conformal symmetries also follow from space-time moments and SUSY 
covariant derivatives of the generahzed trace of the supercurrent [16] [17] [18]. (For 
an analysis of the superconformal charges and the supercharge in super symmetric 
quantum mechanics see reference [19].) In models with nonlinear ly realized SUSY in 
D=4, the R symmetry current, the SUSY currents and the energy-momentum ten- 
sor still form a SUSY multiplet [20] with the superconformal currents being given 
by space-time moments and field monomials times the components of this supercur- 
rent (explicitly the it! current and energy-momentum tensor) [11]. As shown below, in 
brane models these currents along with the central charge symmetry current form a 
SUSY multiplet. As well, all superconformal currents are shown to be world volume 
coordinate moments and field monomials times the components of the supercurrent 
(explicitly the energy-momentum tensor and the central charge current as in equation 
(2.7)). In general starting with a current J™, its q— and s— SUSY transformations 
yield a relation of the form 

S'''{Lv)J'^ = 9„[J"^A"(e,ry)- J"A"'(e,r^)]+A™(e,r;)a„J" 

+J"\^,V), (2.16) 

where J^"^{C,v) is another of the super- Poincare or superconformal currents or zero. 
If zero, then that J"* is the last (or highest weight) component in a supermultiplet. 
The first set of terms on the right hand side are current improvement terms since 
they are algebraically divergenceless. They can be added to J"^{^,r]) to define an 
improved and still conserved current 

JiZ^iC, V) = J^'i^, V) + dn [J"^A"(e, V) - ^"A"^(e, V)] , (2.17) 

and dmJinipi.ii v) = dmJ"\i, if)- The improvement terms will be kept explicit in what 
follows. The set of currents which begins with some primary current J"* and con- 
tinues upon SUSY variation to yield other currents until the last component current 
is reached comprise a supermultiplet of currents. Every superconformal current will 
form such a multiplet, even if the primary current is the sole member. Since differ- 
entiation commutes with intrinsic variation, the (non-) conservation of the primary 
current implies the (possible non-) conservation of the higher component currents. 
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The second term on the right hand side of equation (2.16) along with the relation 
between intrinsic and total variation results in the higher component conservation 
equation 

draJ'^ii.v) = A'^'i^,v)idrnJn + (^^^-^'^ (e, (9^ J™) . (2.18) 

So the currents in any multiplet can be obtained from the primary current by SUSY 
variation. Likewise, the breaking of any symmetry in a multiplet can be obtained 
from the primary current symmetry breaking by SUSY variation. 

The R^, Q'^, S'^, T"^„ and Z'^ currents form the supercurrent multiplet with 
the R current as the primary component. Since is conserved, so too are the 
other currents in this supercurrent as verified from their explicit construction. The 
SUSY variations are found to be (using as a Grassmann, D=3 Majorana spinor 
parameter) 

5«'^(e,77)i?"^ = 9„[it:"^A"(^,77)-i?"A'"(e,r7)]+A"^(e,^)5„it:" 

-iQ^{r^)+iS^{i) 

v)Q"'w = On [g™(^)A"(e, v) - Q"(^)A'"(e, v)] + A'"(e, r?) W(^) 

5^'^(e,r?)5™(V') = a„[5-(V')A"(e,r/)-5"(^)A-(e,r/)]+A™(e,ry)a„5"(V') 

S'''{C,v)T"'a = 9„[r-A"(e,77)-r\A-(e,77)] + A-(e,77)9„r\ 

5'^'%C,V)Z"' = dn[Z^A^{C,v)-Z^A"'{^,r))]+A"'iC,v)dnZ^. (2.19) 

From the supcr-Poincarc symmetry group perspective, the angular momentum tensor 
and the broken Lorcntz transformation current are primary currents whose SUSY 
multiplets involve the SUSY currents, the energy-momentum tensor and the central 
charge current 

5^'^(e,r7)M„^ = a„[M„7A"(e,r/)-M:,A™(e,^)]+A"(C,r;)a„M;, 

S'''%C,v)N^a = a„[Ar-A"(e,ry)-iV\A-(e,r/)]+A-(e,ry)a„Ar\ 

-iiClaSn+iiviaQn- (2-20) 
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3 Superconformal Currents and SUSY Multiplets 



Noether's theorem applies to the construction of the superconformal currents and 
their (non-) conservation equations as well. Utilizing equation (2.8), the Lagrangian 
varies under scale transformations as 5^{e)C — —ex^dmC — 3e£ — 9^(ex"*£). This 
results in a dilatation Noether current 



(3.1) 



The scale symmetry is explicitly violated so that the divergence of the dilatation 
current obeys the broken Ward identity 



oa 



(3.2) 



where as usual the local Ward identity dilatation operator is w^{x) = J2i ^^V'^(^)^- 
The D=4 special conformal transformations lead to the D=3 special conformal 
transformations and the conformal central charge symmetry. The Noether current 
for the latter is secured as 



x^ + (f>^ - {ee){xx) 



(3.3) 



Noether's theorem yields the explicitly broken (but realized as spontaneously broken, 
as discussed in Appendix B) Y symmetry Ward identity 



d V' 



(3.4) 



where — Y^i '^^ The breaking terms are obtained from equation (2. 



= 2x^dr,,{ct>C)-rT\2x'^{e^V,ct>)-2ieJ\e^,\) 



abi 



^-2i{ee-x\){H dm A) 



- 2Z"^e>„. (3.5) 



Applying this to the divergence equation, the non-conservation of the Y current is 
found 
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abf 



+2i{00-XX){9r dm A) 



(3.6) 



The special conformal current K'^^^ is determined to be 



_rpr, 



2x''xa - xH\ + (t>''5\ + {99 - \\)5\ 

-2ie„^^0(^7cA) - e^''x,{99 - XX) 



2xa(f> - 2ie^''x^{HX) 



(3.7) 



The special conformal current is explicitly not conserved, obeying the divergence 
equation 



(3.8) 



where the Ward identity term w^{x) = J2i ^a'-P^ s^- The special conformal variation, 
with transformation parameter e", of the Lagrangian is determined directly using the 
field variations found in Appendix B. This yields the total variation of the Lagrangian, 
A''{e)C — S'^{e)C + {S'^{e)x'^)dmC, and from this the current breaking terms are found 



A''{e)C+{dmS''ie)x'^)C 



6C X 777 jOr 



rj-rn 



2e>[e^V„0] + 2{e,x'' - e%)e^^ - e"9„[(^^)(AA)] 
+{99 + XX)e\,e^[e^ - 25' J + 4(^YA)a^( W 
-2ie«^^ee(^7(.A)[e„^V,0]] 

2e„0e^« - 2iemabe'{9r^) - 2i(^^ - ~XX)[9^ dm A] . 

(3.9) 



Finally the Ui— and Vi— conformal SUSY spinor currents are obtained using equa- 
tion (2.7) (with the explicitly broken conformal SUSY realized as a spontaneously 
broken symmetry, as discussed in Appendix B) 



vr = 



27" 



x,{^''r^)^-^<P{rX), + ^{XX){rO)^ 



+2Z'' 



i{^X)i - (f)9i + {99)Xi 



-2T" 



^6(7VA)i + i0(7"^)^ + i(^^)(7"A), 



+2Z'- 



i{P), + 0\ + (AA)^^, 



(3.10) 
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The non-conservation equations have the form 

dmUr = [A«£+(a^(5rx"^)£]-<r 

dmVr = [A^,jC+(dm5^x"')C]-w',r, (3.11) 

where the Ward identity operators are w'^'^(x) = J2i ^i'^V^^ s^- The superconformal 
symmetry breaking terms can be determined directly, however, as shown below, the 
C/J" and currents are components of a conformal current SUSY multiplet and so 
the breaking can be found from the SUSY variation of the primary current's breaking 
terms. 

As in the case of the super-Poincare symmetry currents, the superconformal cur- 
rents belong to q— and s— SUSY multiplets consistent with the superconformal alge- 
bra. The SUSY variations of the currents are just parts of the superconformal charge- 
current algebra. In the superconformal case, the conformal central charge current, 
Y"^, and the special conformal current, i^'"^, act as independent primary currents 
from which the remainder of the superconformal and even the super-Poincare cur- 
rents can be obtained. The q— and s— SUSY variations of the and K"^^ currents 
are 

+i{^^aUn-i{maVn- (3.12) 

The SUSY variations of the conformal SUSY currents lead to the dilatation current 
and the super-Poincare Lorentz and R currents, introducing the D=3 Majorana spinor 
parameter ipi, 
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+2i(777"'0)A^"*„ - 3i(fi'ijj)R"' 

+2^(e7>)iv™ - MmR"^ 



(3.13) 



Completing the multiplet, the SUSY variation of the dilatation current yields the q— 
and s— SUSY currents 

+ l{^Qn + l{vSn- (3.14) 

From the conformal central charge symmetry breaking terms, equation (3.6), or the 
special conformal symmetry breaking terms, equation (3.9), the remainder of the su- 
perconformal symmetry breaking terms can be obtained by means of SUSY variations 
of the primary current's breaking terms as per equation (2.18). 

The Noether currents associated with the non-linearly reahzed super-Poincare 
symmetries of the Nambu-Goto-Akulov-Volkov action, equation (1.1), for a non-BPS 
p=2 brane embedded in a N=l, D=4 target superspace are summarized in Table 
1. The target space symmetry transformation generators are given with their D=3 
Lorentz group decomposition and the related Noether currents are listed. In Table 
2 the forms of these Noether currents are specified for the effective action given in 
equation (1.1). The SUSY variations of the Noether currents are listed in Table 3. The 
R symmetry current is the primary current for the supercurrent multiplet of centrally 
extended super-translation Noether currents. The it! symmetry current, the g-SUSY 
and s-SUSY currents, the energy-momentum tensor and the scalar central charge 
current are the components of this supercurrent. Because the R current is conserved, 
the conservation of the derived component SUSY currents, energy-momentum tensor 
and central charge current is guaranteed. This, as well as the (non-)conservation 
equations of the remaining super-Poincare and centrally extended superconformal 
currents are listed in Table 4. The superconformal currents also form supersymmetry 
multiplets. Since the scale symmetries are explicitly broken, the superconformal 
current non-conservation terms are similarly related by the SUSY multiplet structure 
of the currents. It was further shown that all superconformal, as well as super- 
Poincare, currents are obtained as SUSY variations of the primary D=3 conformal 
central charge current and the primary D=3 special conformal current. 
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Table 1: Symmetries, Cheirges and Currents 



D=4 Symmetry and Charge 


D=3 Symmetry and Charge 


World Volume 
Noether Current 


Target Space Translations 


World Volume Translations Pa — Pn=a 


Q 




Central Charge Z = P^=z 




Lorentz Transformations 


World Volume Lorentz 






Transformations Mab = M^=a v=b 






Broken Lorentz 






Automorphisms — — M^=a 




N=l, D=4 SUSY 


N=2, D=3 SUSY 


QT 


Qa-i Qd 


\si \-ia -aaj \Q'^ J 


sr 


i?-Transformation R 


i?-Transformation R — R 


R"" 


Dilatation D 


Dilatation D = D 




Special Conformal 


Special Conformal ka — K^=a 






Conformal Central Charge Y — Kfj_=s 


Ym 


N=l, D—A Superconformal 


N=2, D=3 Superconformal 


ur 


Sat Sa 


\vi) K-K, -aaJ \S'J 
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Table 2: Noether Currents 



Noether Current 



jm _ 'Y'Ti 



Form of Noether Current 

5x« - i(A^7«^ + AA7"A)1 + Z"^ fA0 - A^A + ^AA 



(detiV): 



^"^(jy) = 77i5f»(x) = +2ir"*„(?77«A) + 2Z'^{fj0) 



= -2T™„(^7n) + + AA) 



-T"^ft [2a;''a;„ - a;^^''^ + ^^^^^ + (^^ _ AA)5^„ 

-2ieJ"cj){e^cX) - e^'^Xciee - AA) 
+Z™ [2,T,(/. - 2ie„^^Xb(^7eA)' 



a;2 + 02- (^^)(AA) 



2r" 



+2Z''' 



2:6(7VA)i + ^0(7"^)^ + i(^^)(7"A), 



+2Z"^ + (/)Ai + (AA)^^ 
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Table 3: SUSY Multiplets of Noether Currents 



Noether Current 


SUSY Transformation of Noether Current 


jm 




^ a 




2;m 












QT 


5^'^(e,r;)g™(v^) = a„[g-(v)A"(e,r/) -g"(^)A™(e,r7)] + A-(e,7;)a„g"(v^) 


ST 


= a„ [5-(V^)A"(e, ry) - 5"(^)A-(e, 77)] + A-(e, r7)a,5"(^) 




7^)7?'" = a„ [i?'"A'*(C, r?) - i?"A'"(^, 77)] + A'"(^, r})dr,EJ' 




5'i^'{i, ri)D'^ = dn [D'"A"(^, 77) - L>"A"^(^, r/)] + A™(C, vWuD"" 


K\ 


77)i^"*„ = dn [i^"^„A-(e, 77) - i^\A-(e, 77)] + A-(e, 77)9„X\ 


Ym 


^)^™ = 5n [>''"A"(C, 77) - F"A'"(^, 77)] + A"^({, r])dnY'' 




5''''{C,v)U"'{iP) = dn [C/-(V')A"(e,77) - C/-(V')A-(e,77)] + A-(e,77)9„C/"(V') 
+2i(^7«V')Ar'"„ - 3i(#)i?"* + 2i(^7«^/;)M"^„ - 2(^^/;)L»"^ 




5«'^(C,77)l^'"(V^) = (9„ [l^™(V^)A"(e,77) - •l/"(^)A™(^,77)] + A™(^,77)9„y"(^) 
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Table 4: Current (Non-) Conservation 



Noether Current 

jm 


Current (Non-) Conservation 


'~pm 
a 


dmT\ = wl{x)T 








dmM"^,,{x) = -w^,{x)T 


a 


dmN'^Ax) = -w'^ix)V 


QT 


druQT = -wUx)r, 


ST 


dmSr = -wi(x)r, 




d„,R^ = -w^{x)V 






jy-m 

a 


-2ze''''^ec(6'76A) [e^Vd0j j 
+Z- (2e„0e„« - 2ie^„(.e^(^7«A) - 2i{ee - \\)[ei dm A]) - wlV 


Ym 


d^Y^ = -60£ + (2x«(e^Vf,0) - 22e„'^^(^>5A) 

+2i{ee - XX) (0-" d,„ A)) - 2Z"'r,«r„ - ?r^r 




a^f/:™ = [A,"£ + - w^r (See Text) 




a^l/,'" = [A^^C + {dmS^x"')C] - <r (See Text) 



The work of MN was supported by the Japan Society for the Promotion of Science 
under the Post-Doctoral Research Program while that of TEC was supported in part 
by the U.S. Department of Energy under grant DE-FG02-91ER40681 (Task B). 
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Appendix A: Centrally Extended Superconformal Algebra 



The N=l, D=4 space-time translation generator P'^, /j, — 0,1, 2, 3, consists of a D=3 
Lorentz group vector, p"* = P"*, with m — 0,1, 2, and a D=3 scalar central charge, 
Z = P3. Likewise, the Lorentz transformation charges M^" consist of two D=3 vector 
representation charges: M"*" = e'""^Mr and N'^ = M"*^. The R charge is a singlet 
from both points of view. Finally the D=4 SUSY (|,0) spinor Qa and the (0, |) 
spinor Q°' consist of two D=3 two-component Majorana spinors: Qi and Sj, with 
i = 1,2. These are the charges that comprise the (centrally extended) N=2, D=3 
SUSY algebra. The spinor charges are given as linear combinations of Qa and 
according to 

where (cr^;, Uy, cr^) are the Pauli matrices and 

The N=l, D=4 super- Poincare algebra can be written in terms of the D=3 Lorentz 
representation charges of the centrally extended N=2, D=3 SUSY algebra as 

[iV'", iV"] = +ie"""-Mr 
[M"", Z] = [N"^, Z] = +ip'^ 

[R, qi] = {qi, qj} = +2 (t^'C') pm 

[R, Si] = -igj {si, Sj} = +2 (7"'C')ij Pm 

{qi,Sj} = -2iCijZ. 

(A.3) 
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Note, the notation used in this paper is that of reference [2] , in particular the charge 
conjugation matrix and the 2 + 1 (D=3) dimensional gamma matrices in the appro- 
priate associated representation are given there. 

The N=l, D=4 superconformal (SU(2,2|1)) algebra [21][22] includes the addi- 
tional charges: the dilatation charge a scalar from both points of view, the special 
conformal charge K'^ which consists of a D=3 Lorentz group vector, fc™ = i^'™, with 
m = 0, 1, 2, and a D=3 scalar conformal central charge, Y = K^. The D=4 conformal 
SUSY (|, 0) spinor and the (0, \) spinor S"' consist of two D=3 two-component 
Majorana spinors: Ui and I'j, with i = 1, 2. These are the additional charges that com- 
prise the centrally extended N=2, D=3 superconformal algebra. The spinor charges 
are given as linear combinations of and S°' according to 



The remaining nonzero (anti-)commutators for the N=2, D=3 centrally extended 
superconformal algebra are 




(A.4) 




[R, Ui] = -ivi 
[R, Vi] = +iui 



"m 



"m 
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{qi, uj} = +2 . Mm + 2i Qj D 

{g„ Vj} = +2 (7'"C), . Nm + 3i C^, i? 
{si, Uj} = +2 (t'^C) Nm + 3z Cij R 
{si, Vj} = -2 (7-C) . . Mm - 2i Cij D 

[y, qi\ = -if j [Z, Uj] = -isi 

[y, Sj] = -iui [Z, Vi] = -igj 

[D,qi] = -lqi [D,Ui]=+^Ui 

[D,Si] = -^Si [D,Vi\ = +^Vi 

[D, f^] = -ip"* [L>, A;"*] = 

[D, Z] = -iZ [D, Y] = +iy 

[p"^, A;"] = 2i (77"^"D - e"'"''M^) [Z, y] = -2iD 



(A.5) 
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Appendix B: Superconformal Transformations 

The presence of the non-BPS brane in N=l, D—4 superspace spontaneously breaks 
the super-Poincare group to the D=3 Poincare symmetry and it! symmetry groups. 
Commensurate with this is the appearance of the broken target space translation 
symmetry Nambu-Goldstone boson (f) and the broken SUSY Goldstino D=3 Majorana 
spinor fields 9i and Aj, i = 1,2. Recalling the coset method of construction for the 
realization of this spontaneously broken super-Poincare group on these fields from 
reference [2], the world volume coordinate variation and the linearly represented total 
variations of the fields were found to be 

K = K + Vi + \hm{l'^e)i + ipei-'-am{l'^\)i. (B.l) 

Thus, applying the relation between total and intrinsic variations of a field, 5ip — 
A(/7 — Sx^dm'^, the nonhnear realization of the N=2, D=3 super-Poincare algebra, 
given in equation (A. 3), on the 0, 6 and A fields is 

5P(a)0 = -oTdm^ 6^{z)(j) = z 

5P{a)e = -aTdmO 5^{z)e = 

5P{a)\ = -a'^dmX 5^{z)\ = 



6'{ri)Xi = rii + if]Y"XdmXi 
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6^{p)(p = 

(B.2) 

The brane tension explicitly breaks the superconformal symmetries at low energies 
(not to mention the hard superconformal symmetry breaking by radiative corrections 
at all scales). Hence, no new Nambu-Goldstone fields are expected to arise from the 
spontaneously broken component of these hard broken superconformal symmetries. 
Yet, in addition to the explicit hard breaking, the Y , Ui and f j conformal symmetries 
have a spontaneously broken component as required by the superconformal algebra. 
Consider the ground state, |0 >, expectation value of the Jacobi identity involving p™, 
Y and d'^cf) along with the fact that the brane is D=3 translation invariant, p^lO >= 0, 
and the superconformal algebra contains the commutator [p™, Y] = 2iN"^ while the 
D=3 translations are represented by world volume derivatives, \p^, d^cf)] — id^d'^cf), 
to obtain 

< 0|[y,9"*9"(/)]|0 >= -2 < O|[Ar"*,9"0]|O > . (B.3) 

On the other hand, the Jacobi identity involving p", N™- and along with the alge- 
braic relation [A^'",p"] = ir]"^"'Z implies that 

< 0\[N^,idn(p]\0 >= -i5Z < 0\[Z,(p]\0 >= 5Z + 0, (B.4) 

the right hand side being nonzero since is the Z symmetry Nambu-Goldstone bo- 
son which transforms into a constant. Hence, the N'^ symmetry has a spontaneously 
broken component with acting as the corresponding Nambu-Goldstone boson. 
Further, from equation (B.3), it is found that the Y symmetry is spontaneously broken 
with acting as the corresponding Nambu-Goldstone boson. Likewise, the confor- 
mal SUSY symmetries arc spontaneously broken with derivatives of Q and A acting as 
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their Goldstino modes. Even though the conformal central charge symmetry Y, the 
broken Lorentz symmetry generator N'^ as well as the conformal SUSY charges u and 
V all have a spontaneously broken symmetry component, no new Nambu-Goldstone 
modes are required to realize these spontaneously broken symmetry transformations. 

Thus the remaining super conformal transformations are to be realized on the (p, 
9 and A Nambu-Goldstone fields. These transformations can be most easily found by 
using the coset construction with a considerable simplification. Consider the coset 
element Q e G/H with G — SU {2, 2\1), the superconformal group, and H generated 
by the set of unbroken charges {M"*", R, D, k'^}. Q, can be written as the product 
Q = QqQ where 

and 

g E G acts on Q to yield gQ — QlJiQ, — Q'gCl'h with h E H while h is generated 
by {M'^"-, N"^, R, D,k"^,Y,u,v}. The simplification in finding the superconformal 
transformations of 0, 6 and A comes from the observation 

hn^n'h ; (B.7) 

that is h acting on fl does not feedback to a change in fl'^. Hence, as far as the super- 
conformal transformations of 0, 9 and A are concerned, only the action of gD,o needs to 
be considered. With g a superconformal transformation generated by {D, K^, 5"", So} 
the transformation has the form 

gflo = e^-"^^.e*('^''5+^"'^)/i. (B.8) 

This is just the usual linear representation of a superconformal motion in N=l, D—A 
superspace. For the transformations 

g ^ ^i{eD+ei^K^+r,S+fjS) ^g g-j 

the superspace motion is given by [16] [17] 
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e'^ - (1 + \e)¥ + ePxp¥ - it^x'{B(T^pf - 2i{QiQ)P 

+2ie^fj^ - {rj^f - 2i{rie)e^. (B.IO) 

Recalling that x^ = 0, P3 = Z, K-^ = Y, etc., while the N=l, D=4 superspace 
Grassmann coordinates 6*" and 9a are related to the N=2, D=3 Goldstinos 9i and 
according to 

and the conformal SUSY charges obey the inverse relation to equation (A. 4) 

/ \ 1 / -ia'^a^iu + iv) \ 

U"J ^ 2"^' [-ia'^a,(u-iv))' '^^^ 

the various N=2, D=3 superconformal variations of the Nambu-Goldstonc fields are 
determined. Isolating the dilatations with parameter e, the world volume coordinate 
transformation and total variation of the fields are found 

S^{e)x'^ = ex"^ 
A^{e)9, = ^e9, 

A^(e)A, = ^eA,. (B.13) 

In general the (Lie) intrisic variation of a field (p is related to the total variation of the 
field according to 5(fi — A(f — Sx^^Omf - Hence the intrinsic dilatation transformation 
has the linear representation 

5^(e)0 = e{l - x^drn)(f> 
5^{e)9i = e{^-x"^dm)9i 

S''{e)Xi = e{^-x"'d^)Xi. (B.14) 
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The special conformal transformations with generators k'^ and conformal central 
charge transformations with charge Y are obtained from equation (B.IO) by means 
of the identification = (e'", y) and e^K^ = e^km + yY 

5^{y)x'^ = -2y(f)x"' 

A^(y)0 = -y{x' + cl>' + mCXX)) 
A''{y)9 = y{im - cl>9 - {99)X) 
A^(y)A = y{-t{^9)-(j)X+{\m 

S''{e)x"' = 2e"xnx"' - xh"" + (Ph"" - {99)CXX)€"' 

A''{e)9 = e''xn9 -2i{9^X)X-i(j){^X) -ie'^^'^'ernXnilrO) 

A'=(e)A = e"xnX + 2i{9^X)9 + i(f){^9) -ie'^'''^emXn{lrX). (B.15) 

Finally the conformal SUSY transformations with charges and Vi are determined 
to be, using explicit indices, 

5^x^ = -x^9i + iCXX){^'^9)i + i<j>{j^X)i + ie^^'xr,{^rO)i 

= +t{^x),-<j)e,-{ee)x, 
A^9, = +^{^c),^ + ^{m)a,-^cxx)a, 

A^Xj = +(j)Cij + 2{9X)Cij-[9iXj-Xi9j] 

5lx^ = +x^K-i{99){^^X)i + ict>{^^9)i-ie^^'xn{irX)i 

Ay = +i(^e)i + <f>\-Cxx)9i 

A',9j = +(f)Cij-2{9X)Cij-[9iXj-Xi9j] 

A^A, = -ii^C),j + ^i99)aj-^CXX)Qj. (B.16) 

As usual, the intrinsic variations can be found according to S(f — Aif — Sx'^dmf 
for each field (p. Note that Y, k'^, ui and vi variations are all nonlinearly realized, 
however the special conformal symmetry generated by is not spontaneously broken 
while the y , Ui and Vi generated symmetries are spontaneously broken due to the field 
independent but world volume coordinate dependent terms in their transformation 
equations as discussed above. 
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